Summary: Urine samples (n = 300) were examined for drugs by thin-layer chromatography ("Drug Skreen", Brinkmann Corp.) and by the "Enzyme Multiplied Immunoassay Technique" ("Emit", Syva Corp.). The results of both methods were compared for the detection of opiates, barbiturates and amphetamines. In more than 90% of the determinations identical results were obtained with both methods. About 10% of the results of the Emit barbiturate assay differed from those of thin-layer chromatography and therefore had to be further investigated by gas liquid chromatography. It could be demonstrated that the barbiturate determination by the Emit system correlated better with the results of gas liquid chromatography. From the results of this study it is suggested that thin-layer chromatography is used as a screening test, and to confirm positive results with other methods such as Emit. If the abuse of barbiturates or opiates is suspected the corresponding Emit test should also be performed, even in cases of a negative thin-layer Chromatograph*, -screening. Confirmation with a third method such as gas liquid chromatography is necessary, if thin-layer chromatography and Emit lead to divergent results.
The treatment of dtug overdosage and the detection of
The identification of drugs with thin-layer chromatodrug abuse require rapid analytical methods for the graphic techniques alone is difficult. Therefore drugs identification of drugs in biological material.
have been eluted from the thin-layer plate and subset ,. quently examined by various methods such as color, In the past few years many thiiulayer Chromatographie H^ ^ ^ hotometric tests (13) techniques for the detection of drugs have been described ^ ^ sensitive methods (1) (2) (3) (4) (5) (6) (7) . Instead of the time-consuming extraction of drugs for ^ verification of ^.^ chromatographic from unne with organic solvents Amberhte XAD-2 ne geveral ^ĉ olumns were proposed (8) (9) (10) (11) (12) . Combinations of drug metliods such as radioimmunoassay, spin immunoassay, hemaglutination inhibition and enzyme immunoassay have also been applied for the detection of drugs (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) .
In the present study an enzyme immunoassay system (Emit, Syva Corp.) was evaluated for its use in the confirmation of opiates, barbiturates and amphetamines detected by thin layer chromatography.
Materials and Methods
Origin of specimens Urine samples (n = 300) were received from a drug abuse rehabilitation center, from the State Health Department Hannover, and from our hospital. Drug free control urine was obtained from laboratory personal. Lyophilized human urine spiked with various drugs (urine toxicology control proficiency and urine drug check kit) was purchased from Cyanamide GmbH (D-8000 Munich).
Materials
The reagents for the enzyme immunoassay (Emit) were purchased from Syva Corp., Palo Alto, Calif, and materials for thin-layer chromatography (Drug Skreen) from Macherey & Nagel (D-5160 Diiren). Materials for gas liquid chromatography were obtained from Supelco (Bellfonte, Pa, USA) and all otherchemicals from Merck AG (D-6100 Darmstadt).
Thin-layer chromatography (Drug Skreen) Thin-layer Chromatographie determinations were performed according to the manufacturer's instructions. The drugs were extracted by disposable Amberlite XAD-2 columns and separated by thin-layer chromatography on silica gel coated glass plates (solvent system: ethyl acetate/methanol/330 g/1 ammonium hydroxide, 17 ml + 2 ml + 1 ml). For visualization of the drugs UV radiation, heat and group specific reagents were applied to the plates. With each plate a control urine was processed containing morphine, codeine, meperidine, methadone, amphetamine, pheno-, seco-and amorbarbital at levels of 1-3 mg/L The Rf-values of drugs were calculated relative to amobarbital (1). Drugs were identified by their relative Rf-value, color reaction and the comparison with the reference substances on the same plate. Detection criteria of various drugs are given in table 1 and 2. Blind controls were performed with toxicological control urine (urine drug check kit, Lederie Diagnostics).
Enzyme immunoassay (Emit)
The original procedure of the enzyme immunoassay for the detection of drugs in urine (18) was slightly modified to incorporate the Eppendorf system 5085 (tab. 3). The further evaluation of the results was performed according to the manufacturer's instructions. At the beginning and end of each series a urine sample spiked with the drug tested was analyzed as precision control. The quantitative determination of phenobarbital in serum by Emit was performed with an Eppendorf analyzer 5010 (tab. 4).
Gas-liquid chromatography After the addition of 5 jug hexobarbital as internal standard the urinary samples were purified by chromatography on Amberlite XAD-2. The eluates were evaporated under vacuum. The residues were dissolved in a small volume of ethyl acetate/acetic acid (100 ml + 1 ml) and applied to an aluminium sheet coated with silica gel F 2 S4 (thickness of the layer 0.25 mm). The chromatogram was developed with ethyl acetate/methanol/330 g/1 ammonium hydroxide (17 ml+2 ml+1 ml) and chloroform/ acetone (8 ml + 2 ml) at right angles to the first direction. The zone containing the barbiturates was cut off and put into a glass tube with a sealed-in sintered glass support (G 4) at the bottom. Elution was carried out with 5 ml chloroform/acetone (8 ml + 2 ml) and repeated once. The eluates were evaporated under vacuum and after dissolution in ethyl acetate/acetic acid (100 ml + 1 ml) analyzed by gas-liquid chromatography on the following column packings: 3% SP-2250 DA Chromosorb WHP 100-200 mesh, 3% Ov-101 on Chromosorb WHP 100-120 mesh, 3% CDMC on Chromosorb WHP 100-120 mesh. A Varian gas Chromatograph series 2800 equipped with a double flame ionisation detector and siliconized glass columns was used. The barbiturates were identified by comparison of their relative retention time (relative to hexobarbital) on various columns and as control by the simultaneous injection of the extract and the barbiturate supposed. The detection limit dependends on the individual barbiturate and was at least 0.2 mg/1, if 20 ml urine were processed (K lpmann, W. R. t unpublished).
Determination of detection limits
Commercially available control urine (urine toxicology control drugs I, Lederle diagnostics) containing morphine (3 mg/1), methadone (3 mg/1), amphetamine (5 mg/1) and secobarbital (5 mg/1) was diluted with drug free urine 1:3, 1:5 and 1:10. Then 20 ml of each dilution were extracted and processed by thin layer chromatography. Concentrations at which spots just could be detected visually on the thin-layer Chromatographie plate are given as the detection limits of the various compounds. With the various Emit assays the detection limits were determined according to Kaiser (24) as the mean value plus the 3 fold standard deviation of a series (n = 20) from drug free, pooled urine.
Results and Discussion
Precision of the Emit system The precision of the Emit assays for the detection of drugs in urine was low (tab. 5). Therefore only a semiquantitative evaluation of the results appears suitable.
One reason for the low precision may be the turbidimetric technique. Typical Emit standard curves are shown in figure 1 . A better precision was found with the Emit assays for methadone and opiate than with those for amphetamine and barbiturate.
A considerable improvement of the precision and accuracy was achieved with the recently developed Emit assay for the quantitative determination of phenobarbital in serum (25) (26) (27) (28) (29) . In this assay a NAD coupled reaction was applied. Moreover this assay could be mechanized with an Eppendorf analyzer 5010. Oellerich, Külpmann and Haeckel: Drug screening by enzyme immunoassay and thin-layer cinematography
In the following the sensitivity and specificity of various Emit assays for the detection of drugs in urine and the correlation of Emit with thin layer chromatography or gas liquid chromatography are described. Results confirmed by thin layer chromatography (tab. 6) or gas liquid chromatography (tab. 7, 8) were classified as "true", divergent values as "false" positive or negative.
Barbiturates

Correlation of Emit and thin layer chromatography with gas liquid chromatography
The results of the examination of 300 urine samples for drugs of abuse by thin layer chromatography and Emit were compared (tab. 6). unconfirmed by gas-liquid chromatography.
*) n = number of samples. ") confirmed by gas-liquid chromatpgraphy.°) results divergent from gas-liquid chromatography.
64.5 % and those of thin layer chromatography only in 35.5% with those of gas liquid chromatography (tab. 7).
A relatively high percentage of false negative results occurred with thin layer chromatography and Emit, as these methods were less sensitive than gas liquid chromatography. False positive results were observed with thin layer chromatography in 48.4% and with the Emit system in 9.7% of the determinations, indicating a rather low specificity of the thin layer chrorhatography.
When a larger collective of 65 patients chosen at random was tested, 75 % of the results by the Emit system and 60% of those by thin layer chromatography could be confirmed by gas liquid chromatography (tab. 8).
Again there were much more false positive results by thin layer chromatography than by Emit The sensitivity of Emit however appeared to be lower than that of thin layer chromatography.
If thin layer chromatography was used in combination with Emit the percentage of false positive results could be reduced from 29 % to 5 % and that of false negative ones from 11 % to 3%. Therefore it appears to be suitable to confirm by Emit all of the positive results. Thus a considerable reduction of wrong results can be achieved very easily and only divergent results have to be analyzed by time-consuming techniques such as gas liquid chromatography. Samples negative by thin layer chromatography should be determined in addition by Emit, if barbiturate abuse is suspected, as the combination of both methods yields less false negative results.
So far urine samples from patients that suffered from barbiturate poisoning had identical results by all of the three methods mentioned above.
Specificity and sensitivity
Glutethimide was the only nonbarbiturate compound, which cross^reacted in this Emit assay. Most of the barbiturates were detectable by Emit at concentrations between 1 and 10 mg/1 (tab. 9). The detection limit of secobarbital was 0.5 mg/1 (tab. 10). With all Emit assays tested the detection limits, however, were not used as "cutoff" values between negative and positive results. In agreement with the manu* facturer higher "cut-off" points were chosen, in order to decrease the risk of obtaining false positive results due to endogenous lysozyme (18) . We have found it convenient to use the low calibrator reading (1.0 mg/1 of secobarbital) as cutoff with the Emit barbiturate assay.
Tab. 11. Detection of drugs in urine samples of a urine drug check kit a (n = 23) by thin-layer chromatography (TLC) and the Emit system. The urine samples contained various combinations of barbiturates (1 mg/l), opiates (1 mg/1), amphetamines (2 mg/1) and other drugs.
Barbiturates Morphine
Methadone Amphetaand derivamines tives TLC EMIT TLC EMIT TLC EMIT TLC EMIT Results Correct As the sensitivity of the barbiturate determination by thin layer chromatography was about 1-5 mg/1, the concentrations found iii urine after a therapeutic barbiturate döse were detectable by both methods.
The results of blind controls (tab. 11) showed a relatively high percentage of false negative results by Emit, as the concentrations of some of the barbiturates such as phenobarbital were already below the detection limit.
Amphetamine
Sensitivity and Specificity
Although the detection limit of amphetamine was lower with the Emit system than with thin layer chromatography (tab. 10), the practical level of sensitivity was about the same with both methods.
The specificity of the amphetamine assay appeared to be rather low in view of the detection of a number of interfering substances. Stimulants like methamphetamine (Benzedrin), fenethylline (Captagon), ephedrine (Ephetonin), propylhexedrine (Eventin) as well as anoretics such as fenfluramine (Ponderax) cross-reacted in this Emit assay at low concentrations (tab. 9). Methylphenidate (Ritalin) showed no cross-reaction.
In addition to amphetamine, various stimulants were detectable by thin layer chromatography. Unfortunately 4-aminophenazone, a metabolite of dimethylaminophenazone, behaved in our thin-layer Chromatographie system like amphetamine (tab. 2). Therefore repeatedly positive results were obtained with urine samples from patients that had taken drugs such as Optalidon which contain dimethylaminophenazone. The presence of amphetamine could be excluded in these cases by Emit.
Correlation of Emit with thin layer chromatography
With the Emit amphetamine assay only very few false positive but a number of unconfirmed negative results were observed (tab. 6). The latter were mostly due to the interference of 4-aminophenazone with the thin-layer Chromatographie amphetamine detection and therefore correctly negative. The analysis of blind control specimens yielded no false results (tab. 11).
However cross-reactions seem to occur, since, in contrast to our study, Mule found 12.5% false positive results with this Emit assay (19) .
Morphine and derivatives
Sensitivity and specificity
The Emit system was more sensitive for the detection of morphine than thin layer chromatography (tab. 10). According to the manufacturer's recommendations the "cut-off value above which samples are classified as positive was chosen to be 0.5 mg/1. A further advantage of the Emit system was the additional detection of morphine glucuronide (18) and the small sample size of 50 . A comparable sensitivity was attained by thin layer chromatography, providing 20 ml of urine were extracted. Various narcotic drugs listed in table 2 were detectable by thin layer chromatography at concentrations of 0.6-5.0 mg/1.
The term Emit opiate assay seems to be incorrect, as this test shows sufficient sensitivity only for few opiates such as morphine, codeine and levorphanol (tab. 12). Therefore the expression "Emit morphine derivatives assay" would perhaps be more suitable.
The cross-reaction of codeine interferes with the detection of morphine abuse. Positive results are found very often with urine samples from patients taking cough drops, which contain codeine. Therefore the sole use of the Emit opiate assay is only suited for the exclusion of the opiates mentioned above.
Correlation of Emit with thin layer chromatography
Divergent results were obtained by Emit and thin layer chromatography in only in 2.9% of the determinations (tab. 6). The greater sensitivity of the immunoassay appeared to be responsable for the majority of the unconfirmed results. Similar data have been reported by Mule (19) . With the analysis of blind control specimens more false results were obtained by thin layer chromatography than by Emit (tab. 11).
Methadone
Sensitivity and specificity
Methadone was detectable by Emit at lower concentrations than by thin layer chromatography (tab. 10). With the Emit system values above 0.5 mg/1 were classified as positive results.
The Emit methadone assay showed no absolute specificity. Normethädone (tab. 12) and metabolites of Z,<^acetyl methadol (30) were found to cross-react in this assay.
The methadone detection by thin layer chromatography appeared to be less specific. With blind control specimens false positive results were observed by thin layer chromatography but not by Emit (tab. 11).
Metabolites of methadone do not cross-react in the Emit assay (19, 30) . One metabolite of methadone was detectable by thin layer chromatography (tab. 2). The excretion of methadone and its metabolite depends on the pH value of the urine: the ratio of methadone metabolite/methadone is 1.0 at a pH of 4-5 and 40 at a pH of 7.4-8.1 (31) . Thus the detection of the methadone metabolite in alkaline urine by thin layer chromatography may be helpful in the detection of the use of methadone.
Tab. 12. Cross-reactivity of drugs in urine a with the Emit methadone and opiate assay. 
Correlation of Emit with thin layer chromatography
The comparison of the results obtained by Emit and thin layer chromatography in a series of about 300 patients showed a good correlation between both methods. Only 2.4% of the results could not be confirmed by thin layer chromatography. The major reason for this discrepancy seemed to be the greater sensitivity of the Emit system. This finding is consistent with observations of Mule (19) . 
Comparison of costs
Conclusion
From the results of our study the following procedure for the detection of drugs is recommended ( fig. 2 ):
At first a thin-layer Chromatographie screening test is performed, which allows the detection of a large variety of drugs.
Results positive for barbiturates, opiates or amphetamines have to be confirmed by the corresponding Emit assay. If divergent results are obtained, the further investigation by a more specific method such as gas liquid chromatography is necessary. In cases of suspected abuse of barbiturates and opiates the additional performance of the corresponding Emit assays is useful, even if the thin layer chromatography screening is negative.
Further Emit assays for the determination of the metabolites of cocaine and benzodiazepine are available and may be integrated into this scheme. Frequently abused drugs such as bromoureides have to be determined by other methods.
Tab. 13. Costs of a thin-layer Chromatographie screening (Drug-Skreen) and of an Emit test (Drug Abuse Urine Assay).
Costs Thin-layer chromatography n a = l n = 30 n = 50
Emit assay n = l n = 30
= 50
Technician time More specific methods such as GLC By the use of the procedure described above the quality of drug screening is considerably improved. The number of false positive results is reduced. In the detection of barbiturates false positive results decreased from 29% to 5 %. The presence of amphetamine could be excluded by Emit, when false positive results due to the interf erence of 4-aminophenazone occurred. Wrong results for methadone, morphine and codeine could be eliminated. Because of the greater sensitivity of Emit less false negative results were obtained in cases of suspected morphine and methadone abuse.
Furthermore time and costs are saved because the only results confirmed by gas liquid chromatography, are those which are divergent by thin layer ehrqmatography and Emit. This seems to be important, if a rapid screening of a large number of specimens is required. In this case the confirmation of every positive result by gas liquid chromatography would lead to an enormous workload and to a delay of the results.
The described screening procedure appears to be suitable for routine urine testing arid toxicological emergencies such as barbiturate poisoning. In accordance with the results of Mule (19) andMdntyre (30) the Emit system can be regarded as a valuable contribution to existing screening methods for the detection of drugs of abuse.
